we surveyed 1,037 participants aged 15-69 years of an online panel (addressing hygiene and preventive behaviour regarding infections) in Lower Saxony with respect to their risk perceptions related to ZIKV. We additionally included 26 expectant parents who were recruited at antenatal preparation courses in Braunschweig and Hannover between May and July 2016. Results: Six hundred fifty-five (69.1%) of the panel participants had ever heard about ZIKV. About 8% of the study participants reported to be concerned about ZIKV. Pregnant women had the highest odds of reporting concern about ZIKV (OR: 6.24; 95% CI: 2.94-13.26, reference: non-pregnant women). The vast majority of participants (79%) would travel to the Olympics if they won a free trip; this proportion was lower in currently pregnant women (46%). Risk perceptions towards ZIKV were considerably lower than those towards Ebola during the 2014 epidemic. Conclusion: This study showed that fear of contracting ZIKV is not a major deterrent for travelling to high-risk areas. Pregnant women are appropriately concerned about the risk of ZIKV. Studies modelling the further spread of ZIKV need to account for these results.
Introduction
Z ika virus (ZIKV) has received considerable media coverage due to the epidemic in South America, particularly in Brazil, the site of the 2016 Summer Olympic and Paralympic Games. 1 The virus spreads via bites from infected Aedes aegypti mosquitoes, but can also be transmitted sexually. [2] [3] [4] It causes asymptomatic to mild infections in children and adults, but can cause Guillain-Barré syndrome in some cases and microcephaly in newborns infected in utero. 4, 5 Due to this risk, and fear of global spread caused by returning travellers, some researchers have called for the World Health Organization (WHO) and the International Olympic Committee to postpone, relocate or cancel the 2016 Olympics. 6 However, the organizations refused, arguing that risk of infection is low and the number of ZIKV cases declined sharply in recent months. 7 Others contend that ZIKV fears are no reason for individuals from unaffected countries to avoid the Olympic games, except in the case of pregnant women, for whom the severity of possible outcomes outweigh the relatively low risk. 8 In May 2016, WHO published a risk assessment projecting the possible spread of ZIKV to the European Union throughout the summer of 2016 9 and acknowledged that the risk of a ZIKV outbreak may be increased by travellers returning from the 2016 Olympic and Paralympic Games. 10 As of April 2016, there had been no reported cases of locally acquired ZIKV in the European Union, but 452 cases in returning travellers. 11 Despite receiving a lot of attention, there is a lack of research on the risk perceptions in currently unaffected areas, regarding both ZIKV and the risk associated with travel to the Olympics.
Research on public reactions during the 2014 Ebola virus disease (EVD) outbreak in countries not directly affected revealed that, although the level of worries about EVD was low, misperceptions regarding transmission were common and could trigger inappropriate behaviour changes. 12, 13 In contrast to EVD, the risk posed by ZIKV may be interpreted as low because the virus does not spread directly from one person to another and only a subgroup of the population (pregnant women) is at increased risk. To understand whether the general public and pregnant women specifically, are concerned about the spread of ZIKV in the European Union and during the 2016 Olympics and Paralympics, and whether they would change their behaviour, we conducted a survey among participants in an on-going online panel of residents in Lower Saxony, Germany. We also aimed to compare individual risk perceptions in Germany between the current ZIKV outbreak and the EVD outbreak in 2014 in West Africa.
Methods

Study population
We implemented this survey in the online panel Hygiene and Behaviour Infectious Diseases Study (HaBIDS), which started in March 2014 and aims to address human hygiene and preventive behaviour regarding infectious diseases. 12, 14 The panel consists of 1037 participants who complete short, online questionnaires every two to three months. Panel members come from four districts in Lower Saxony, Germany (Braunschweig, Salzgitter, Vechta and Wolfenbüttel). In each, participants were invited by proportional stratified random sampling from the population registry in the age range of 15-69 years. Since pregnant women present a special risk group for consequences of ZIKV infection and only 3.0% of the panel participants were pregnant, we additionally recruited expectant parents at antenatal preparation courses, guided delivery room tours, and information evenings at birth clinics in Braunschweig and Hannover. In May 2016, the members of the HaBIDS panel received the ZIKV online questionnaire. The separately recruited expectant parents were invited by handing out flyers including the link to the questionnaire and a unique token during recruitment. We started recruiting expectant parents at the same time at which we sent the questionnaire to the panel, and continued recruiting for two months (until July 2016).
Questionnaire
The ZIKV questionnaire (Supplementary figure S1) was developed based on a questionnaire about Ebola risk perception that we used in a survey in the HaBIDS study in November 2014. 12 Questionnaire items were adapted to ZIKV. The questionnaire was then piloted using cognitive interviews 15 in five unrelated persons. The survey consisted of 21 questions. To assess knowledge, participants were asked how they rated their personal knowledge of ZIKV (on a five-point scale from 'very poor' to 'very good'). They were also asked how ZIKV can be transmitted (10 answer options which were either true or false). A score was created by adding the correct responses (1 point for each correct answer, range 0-10).
In addition, we asked if they had a potential risk of contracting ZIKV during travel to affected countries, with the responses on a four-point scale from 'highly unlikely' to 'highly likely'. They were also asked to rate whether the information they had received from the media was reliable on a five-point scale from 'very poor' to 'very good'. Participants were also asked from which source they had heard about ZIKV. They could choose up to seven sources (print media, online media, social media, TV, radio, information from public institutions, and friends/colleagues).
To assess whether the risk perception was modified by pregnancy, the participants were asked if they or their partners were currently pregnant or planning to become pregnant.
Sociodemographic data (age, sex and highest educational level) of panel members was known from the baseline questionnaire of the HaBIDS study. No sociodemographic data was available for additionally recruited expectant parents, so we asked them for information about age, sex, and highest educational level. To compare risk perceptions towards ZIKV with risk perceptions towards EVD in the same study population, we merged the individual data from the ZIKV and an EVD survey 12 within the same online panel. 
Statistical analyses
To assess associations in the univariable analysis, we used chisquared testing for categorical variables. Wilcoxon rank-sum tests were applied for continuous variables because data were not normally distributed.
Logistic regression modelling was used to build two predictive models. The first was a model of concern about ZIKV. Possible predictors included age, sex, education, pregnancy status, knowledge score and perceived reliability of information from the media. The second was a model for whether participants would travel to the Olympics if they won a free trip. The initial variables were sex, age, education, pregnancy status, perceptions of ZIKV risk during travel to an affected country and perceived media reliability. Possible predictors with a p value 0.25 in the univariable analyses were included for multivariable model building. Both models were built using forward stepwise selection in which variables were added individually and kept based on a p value < 0.05 (likelihood ratio test). After variable selection, we added interactions between sex and each selected variable to the models and estimated sex-specific odds ratios. 16 To check for collinearity, we assessed models at each step for changes in estimates or standard errors and, when those appeared, we created a correlation matrix to explore relationships between individual variables.
In all descriptive analyses, only participants of the online panel were included to give unbiased estimates on population level. For all association analyses, the additionally recruited pregnant participants were included. To compare individual risk perceptions between ZIKV and EVD in the study population, we used McNemar's tests for paired nominal data. Analyses were performed in Stata 12. 17 
Results
Study population
We received responses from 717 of the 1037 (69.1%) panel participants. Of those, 655 (91.4%) have ever heard about ZIKV (table 1) . Almost 42% of the participants were male and 44.7% had university degrees. The median age was 50 (interquartile range 39-59). Twentytwo pregnant women, two women planning to become pregnant and two men with a pregnant partner were identified through the additional recruitment of expectant parents. Taking these additional participants into account, 5.0% of the sample was either currently pregnant or had a pregnant partner. Another 3.0% were planning to become pregnant.
Risk perceptions
Of those who responded to the original online panel, 7.8% reported worries about ZIKV. Reporting concern about ZIKV varied by sex and pregnancy status. Women currently pregnant or planning to become pregnant had the highest percentages of concern (table 2). Asked if they would travel to the Olympics if they won a free trip, 79.1% responded 'yes' (table 2) . Although only 36.4% of women currently pregnant were willing to travel to the Olympics, 78.2% of non-pregnant women answered that they would go (p value from chi-squared test = 0.01). The response also differed by ZIKV concern, with those concerned about ZIKV more likely to respond that they would not go (p value from chi-squared test < 0.001). Approximately 66% of participants felt that risk of contracting ZIKV in an affected country was 'quite likely' or 'highly likely' but, of those, 75.6% of individuals answered that they were willing to travel to the 2016 Olympics under our proposed scenario.
Knowledge
Three participants (0.5%) rated their personal knowledge of ZIKV as 'very good' and 8.6% as 'good'. Conversely, 44.1% felt their knowledge was 'poor', or 'very poor'. However, 38.5% of the participants answered at least 8 out of 10 questions correctly. The most common incorrect answer (by 51.8% of participants) was that ZIKV is spread through material contaminated with bodily fluids of infected persons; the most common correct answer (82.1% of participants) was that ZIKV is spread by insects in South America (Supplementary figure S2) . Some participants rated the information from the media about ZIKV as 'very good' or 'good' (22.0%) while the majority rated the information they received as 'moderate' or worse. Most participants had heard about ZIKV from two (31.0%) or three sources (32.1%): TV was the most frequent source (76.2%) while information from public institutions (4.9%) and social media (6.4%) were least frequent. There was no significant association between source of information and concern about ZIKV except for social media, with a higher percentage of concerned participants in the group that had heard about ZIKV from social media compared with the group that had not (16.7 vs. 7.2%, p value from chi-squared test = 0.027). Knowledge score value were significantly higher among participants who had heard about ZIKV from print media compared with those who had not (median knowledge score 4 vs. 2, p value from Wilcoxon rank-sum test = 0.017). Knowledge score was also significantly higher among participants who had heard about ZIKV from online media (median 4
Multivariable analyses
Model for concern about ZIKV In the univariable analysis, only sex, pregnancy and age met the statistical cut-off to be included in the model. During model building sex, age and pregnancy exhibited collinearity so only pregnancy (as the strongest predictor) was left in the model. Individuals who responded that they or their partner were currently pregnant had more than five times the odds of reporting concern about ZIKV and those who were planning to become pregnant had three times the odds, as compared with those who reported no current pregnancy (table 3). The magnitude of the odds ratios did not differ by sex.
Model for travel to the 2016 Olympics
For the univariable analyses, sex, pregnancy status, proportions of ZIKV knowledge questions answered correctly, perceptions of infection risk when travelling to an affected country and concern about ZIKV all met the inclusion criteria for the multivariable model regarding willingness to travel to the 2016 Olympics under our hypothetical situation. The final multivariable model contained pregnancy status, perceptions of infection risk when travelling to an affected county, and concern about ZIKV (table 3). Women who were pregnant were 11 times more likely to refuse the trip; concern about ZIKV led to a 4-fold increase in odds of refusal and reporting that infection was likely during travel to an affected country led to a 1.4-fold increase in odds of refusal. Men responding that their partner were currently pregnant were seven times more likely to refuse the trip. The odds ratios of being Table 2 Characteristics of participants stratified by concern about ZIKV and by willingness to take free trip to Olympics IQR, Interquartile range. a: Those replying that they have not heard from ZIKV (n = 62, 8.6%) were not reported, and excluded from all following analyses.
concerned about ZIKV and reporting that infection was likely during travel were twice as high in men.
Comparison between ZIKV and EVD risk perception
Among the 655 participants of the ZIKV survey, 459 had also filled in the EVD survey in 2014. Of those, 26.1% had been concerned about EVD ( figure 1) ; this is more than three times the proportion of panel participants concerned about ZIKV in the current survey. Nearly 64% of the participants who were concerned about ZIKV had also been concerned about EVD, while only 23.2% of those not concerned about ZIKV had been concerned about EVD (p value from McNemar's test < 0.001). Moreover, 79.0% of the EVD survey participants said they would cancel travel to an affected country, even if it meant losing 100% of the travel costs. This is higher than the 30.0% who refused a free trip to the 2016 Olympics in the ZIKV survey. The perceived chance of contracting the virus in public places was also higher for EVD than for ZIKV. Travel to an affected country was seen as most risky for contracting EVD, followed by being at an airport in Germany. For ZIKV, the second highest category in perception of personal risk was also German airports. Knowledge of EVD transmission was comparable to knowledge of ZIKV transmission (median number of correct answers was 7 out of 11 for Ebola and 7 out of 10 for ZIKV using similar items).
Discussion
In looking at ZIKV risk perceptions in a country that is currently unaffected by the outbreak, we found that rates of concern about the virus were generally low. Only few participants reported worries about ZIKV. The majority of the sample reported that they would travel to the 2016 Olympics in Brazil if they won the trip. Although many participants felt that the risk of contracting ZIKV during travel to an affected country was high, they would still attend the 2016 Olympics if they won a trip. This indicates that, even though individuals think the chance of infection is high, they perceive the consequences of contracting ZIKV as mild enough to justify visiting affected countries. The notable exception was individuals reporting they were currently pregnant or had a pregnant partner. Of those participants, one third reported worries about ZIKV. The majority said they would refuse the trip to the Olympics. By the time of our survey, it was known that pregnant women can be infected with ZIKV in any trimester 18 , but a causal relationship between ZIKV and microcephaly had not yet been found. 19 Since there is not yet local transmission in Germany and the real threat from ZIKV results from infection during foetal development, low levels of concern while still declining to attend the Olympics may represent an appropriate understanding of the risk and consequences of infection. Of interest, the odds for refusing the trip to the Olympics was twice as high for men concerned about ZIKV than for women in the respective groups. Once men understood the risk of infection, they seemed more likely to advocate for conservative and risk-avoidant behaviour.
The difference in knowledge was highest between participants who had received information about ZIKV directly from public institutions and those who had not. However, less than one tenth had received information about ZIKV directly from public institutions, while the majority had heard about ZIKV from print or online media. This suggests that information from public institutions should be spread more widely to print and online media.
The perceptions of the risk associated with ZIKV were lower than those for EVD during the outbreak in West Africa in this same sample population. 12 Since ZIKV infection is generally less severe than EVD and less likely to be transmitted person-to-person, it is not surprising that risk perceptions are lower although the total number of cases and the true risk of infection might be higher. However, the low levels of risk perception may have changed if infected travellers return from the Olympics or local transmission of ZIKV occurs in the European Union.
Strengths and limitations
The main strength of our survey is the timeliness with respect to media reports in Germany: We sent invitations to the survey shortly after the first report of sexual transmission of ZIKV in Germany on May 13. 5 We were also able to compare risk perceptions with respect to EVD and ZIKV by implementing the questionnaires in our online panel.
One of the limitations of this study is that data were collected from a regional sample that might not be completely generalizable to the population of Germany. Although the study population was recruited from population registries, those participating in HaBIDS are still not completely representative for the underlying population (e.g. higher education levels). There were more women enrolled in our study than there are in the general population. There were differences in age between the study participants who responded to our survey and those who did not (Supplementary  table S1 ). Non-responders had a median age of 46 while responders had a median age of 50. Non-responders and responders did not, however, differ significantly on sex or education.
Conclusion
This survey, which was implemented in the spring and summer before the 2016 Olympics, shows that perceptions of risk are appropriate and that the fear of contracting ZIKV, even when travelling to affected countries, is not a major deterrent for most people. Pregnant women and their partners are likely to be appropriately concerned about the relevant risks of ZIKV, and respond accordingly. Nevertheless, adequate risk communication is important in this subgroup to prevent misconceptions about ZIKV. The comparisons with EVD reveal that ZIKV is perceived as less threatening than EVD, which may be appropriate considered the less severe population-level outcomes. The results of this study allow understanding how the ongoing ZIKV epidemic might change behaviour in not yet affected countries and will therefore be of high importance as input data for studies modelling the worldwide spread of ZIKV.
Supplementary data
Supplementary data are available at EURPUB online.
The results of our study need to be taken into account for informing mathematical modelling studies investigating the further international spread of ZIKV.
